The objective of the present study was to investigate the physicochemical characteristics and storage stability of water-in-oil-in-water (W/O/W) emulsions and spray-dried red ginseng extract capsules (RGEC) prepared using different secondary coating materials such as maltodextrin (MD), whey protein concentrate (WPC), or arabic gum (AG). The particle sizes of W/O/ W emulsions and spray-dried RGEC coated with MD were considerably lower than those of W/O/W emulsions and spray-dried RGEC coated with WPC or AG. The zeta-potential value (−36 mV) of spray-dried RGEC coated with MD was significantly higher than that of spray-dried RGEC coated with WPC or AG (p < 0.05), indicating that spray-dried RGEC coated with MD were much more stable than spray-dried RGEC coated with WPC and AG. In the storage stability study, it was found that the refrigerator temperature (4°C ) was preferred for storing spray-dried samples for a long time. Based on these results, it was confirmed that MD could be the most efficient coating material for W/O/W emulsions and nano-sized spray-dried RGEC.
Introduction
Ginseng is one of the most commonly used herbal foods and medicines, owing to its unique health benefits and functional properties in the world, especially in Asian countries today. [1] Red ginseng, which is prepared by steaming and drying fresh ginseng, is claimed to have more bioactive substances than both fresh and white ginseng due to the chemical transformation of ginsenosides that takes place during processing. [1, 2] Ginsenosides are the known main active components in ginseng, and they are typically used as marker compounds for evaluation of the quality properties. [2] [3] [4] Ginsenosides are dammarane-type triterpene glycosides and they can be classified into the following three groups: the protopanaxadiols, protopanaxatriols, and oleanolic acid derivatives. Among the commercial red ginseng products, the red ginseng extract has highly concentrated forms of ginsenosides, with potentially greater health benefits including antidiabetic and antiviral properties. [5] [6] [7] Although the presence of a number of active ingredients in red ginseng extracts is noteworthy, [8, 9] the level of bioavailability of these substances needs to be further improved so that they can be utilized for providing health benefits.
Micro-or nanocapsules can be developed using encapsulation techniques for the protection and controlled release of the phyto-bioactive ingredients or other sensitive substances. [10, 11] In the medical and food industries, encapsulation is used to deliver a wide range of phyto-bioactive compounds, as these substances need to be protected against heat, moisture, oxidation, and pH until they reach the desired site in the body after ingestion. [12] [13] [14] The encapsulated material is generally called a capsule, which consists of a core substance surrounded by a continuous matrix of the wall materials. The application of micro-or nanocapsules in the medical and food industries is a novel and innovative process. However, during the formulation of capsules, it is essential to strictly control several factors, such as the particle size and morphology, compatibility of the polymer, and the physicochemical properties of the vehicle. [15] [16] [17] Water-in-oil-in-water (W/O/W) emulsions and spray-dried nanocapsules can enhance the bioavailability of the nutraceutical ingredients. [15, [17] [18] [19] Spray-drying technology is widely practiced to improve the storage quality of the encapsulated functional bioactive materials. Recently, spray-drying technology has been frequently used to manufacture micro-or nanocapsules in the medical and food industries. [15] This technique involves the rapid conversion of liquid substances into powders, enabling instant drying of the thermo-sensitive products without any degradation. [15] The core part of this process is the dissolution of core materials in the dispersion of the coating matrix, which is sprayed in hot air to remove water and help accumulate the powder in the outlet. To maintain a high encapsulation yield as well as stability of the micro-or nanocapsules in the spraydrying process, selection of suitable coating materials is very important. [16, 17, [20] [21] [22] In addition to being highly soluble in water, an ideal coating material should have a good emulsifying ability, crystallinity, low viscosity, film-forming ability, and cost effectiveness. Coating materials typically used in the spray-drying process are arabic gum (AG), maltodextrin (MD), milk protein, soy protein, modified starch, and so on.
Accordingly, the production of W/O/W emulsions and spray-dried red ginseng extracts capsules could be a valuable tactic to increase the absorption of its active components in various disease treatments. [15, 19] However, to the best of the authors' knowledge, none of the studies have apparently reported about the production of W/O/W emulsions and red ginseng extract capsules (RGECs), nor have they elucidated the physicochemical properties and storage stability of the final products. In the present study, W/O/W emulsions of red ginseng extracts were prepared with the high-energy emulsification-evaporation method, and the obtained W/O/W emulsions were used to produce spray-dried red ginseng extract micro-or nanocapsules. The main objective of the present study was to investigate the physicochemical characteristics and storage stability of W/O/W emulsions and spray-dried RGECs prepared using different secondary coating materials such as MD, WPC, or AG.
Materials and methods

Materials
Red ginseng extract as a core material was provided by Korea Bio Red Ginseng Co., Ltd. (Geumsan, Korea). Medium-chain triglyceride (MCT) as a primary coating material was purchased from Wellga Co., Ltd. (Seongnam, Korea). As secondary coating materials, MD (DE 18, Samyang Genex, Seoul, Korea), AG (Samchun Pure Chemical Co., Ltd., Pyeongtaek, Korea), or whey protein concentrates (WPCs) (Davisco Foods International, Eden Prairie, MN, USA) were used. As emulsifiers, polyglycerol polyricinoleate (PGPR, HLB 0.6) and polyoxyethylene sorbitan monolaurate (PSML, HLB 16.7) (95.0% purity) were obtained from Il-Sin Co., Ltd. (Seoul, Korea). Ethyl acetate (99.5% purity), n-hexane (95.0% purity), and sodium benzoate (99.0% purity) were purchased from Samchun Chemicals Co., Ltd (Pyeongtaek, Korea). Oil Red O was obtained from Sigma-Aldrich (St. Louis, MO, USA) and all chemical solvents were of reagent grade unless otherwise specified.
Preparation of W/O/W emulsion and spray-dried RGECs
To produce spray-dried RGEC, W/O/W emulsions of red ginseng extracts were first prepared using the high-energy emulsification-evaporation method. Red ginseng extracts (the core material) were dissolved in distilled water (0.8 g/mL), filtered through a membrane paper (Whatman No. 4), and combined with 0.02% sodium benzoate to prevent the degradation of red ginseng extracts. The primary emulsions (W/O) of red ginseng extracts were produced using MCT (the primary coating material). To produce the W/O emulsions, the ratio of the core to the coating material was 2:8, and 10% PGPR (HLB 0.6) was used as the primary emulsifier. The coating material was mixed with the emulsifier at 400 rpm and 50°C for 30 min by using a hotplate stirrer (HSD 150-03P; Misung Scientific Co., Ltd, Yangju, Korea), and then the core material and ethyl acetate (as a solvent in the coating material and surfactant mixture) were added. The mixture was homogenized using a highspeed homogenizer (Matsushita Electric Industrial Co. Ltd., Tokyo, Japan) at 12,000 rpm for 5 min to produce the W/O emulsion.
Secondary emulsions (W/O/W) were prepared with W/O emulsions and 10% MD, AG, or WPC as the secondary coating materials. To produce W/O/W emulsions, the ratio of the W/O emulsion to the coating material was 1:16, and 10% PSML (HLB 16.7) was used as the secondary emulsifier. The secondary coating materials were mixed with emulsifiers at 400 rpm and 50°C for 30 min using a hotplate stirrer, and then the W/O emulsions were added. The mixture was homogenized to form W/O/W emulsions using a high-speed homogenizer at 12,000 rpm for 5 min. Finally, ethyl acetate was removed by a rotary evaporator (EYELA, Tokyo Rikakikai Co., Ltd, Tokyo, Japan) at 50°C for 30 min.
Finally, to produce spray-dried RGEC, W/O/W emulsions were spray-dried using a two-way nozzlespray dryer (EYELA SD-1000, drying capacity 1,500 mL/h; Tokyo Rikakikai Co. Ltd., Tokyo, Japan) in which the inlet and outlet temperatures, feed rate, and inlet air volume were controlled. In this dryer, the W/O/W emulsion was fed by a peristaltic pump and sprayed into the drying chamber. Inlet-and outletair temperatures of the spray dryer were fixed at 170°C and 85°C, respectively. Cyclone-separated spraydried RGECs were prepared with the W/O/W emulsion from the air-powder mix. The dried powder was collected and stored in opaque airtight containers at 4°C until further analysis.
Particle size
Particle size distribution of the W/O/W emulsions and spray-dried RGEC was determined by a particle size analyzer (Delsa™ Nano Particle Size, Beckman Coulter, Inc., Fullerton, CA, USA), which employs laser diffraction for size measurement. Briefly, W/O/W emulsions and spray-dried RGEC were combined with 10 mL of deionized water at a ratio of 1:100 and mixed using a magnetic stirrer at 25°C. The suspension was poured into a cuvette and its particle size was measured at 25°C at a fixed scattering angle of 90°. All samples were measured in triplicate.
Moisture content and encapsulation yield
Spray-dried RGECs were analyzed for their moisture content using the AACCI Approved Method 44-15A (AACCI, 2000) . [23] To measure the yield of spray-dried RGEC indirectly, the encapsulation yield of spray-dried RGEC was determined according to the modified method proposed by Baik et al. [24] The yield was determined, using Oil Red O as the marker compound, by UV-visible spectrophotometry (Beckman Coulter Inc., Fullerton, CA, USA). A wavelength of 500 nm was used to detect the absorbance of Oil Red O, which was prepared with mixtures of the spray-dried RGEC containing Oil Red O in hexane. The experiment was performed by suspending samples (5 g) in 10 ml of hexane. The suspensions were then mixed using a magnetic stirrer (HSD 150-03P; Misung Scientific Co., Ltd, Yangju, Korea) at 250 rpm for 5 min. The resulting suspensions were centrifuged at 3,000 rpm and 20°C for 10 min, and the supernatants were collected for UV analysis. The yield was determined by the following equation:
where A is the absorbance of Oil Red O isolated from the spray-dried RGEC layer, and B is the absorbance of Oil Red O added in MCT.
Zeta-potential
Zeta-potential was determined to assess the electrical stability of W/O/W emulsions and spray-dried RGEC using a particle size analyzer. A sample of 0.3 g was diluted with 30 mL of deionized water and 1 mL of the diluted sample was injected into a flow cell. All measurements were performed in triplicate at a fixed temperature of 25°C and an angle of 15°, respectively. Zeta-potential was measured at the following four different cell positions: 0.7, 0.35, −0.35, and −0.7 .
Storage stability
Storage stability (%) is the relative amount of red ginseng extract remaining in the powder with respect to the initial amount in the powder during storage. To determine the storage stability of spray-dried RGEC, the method proposed by Hardas et al. was used. [25] Around 2 g of each sample was poured into a 4 mL brown vial and stored in a temperature-controlled incubator with 20% RH (Programmable Temperature Chamber, EN-STC-150, Koyangsi, Kyunggido, Korea) at 4°C, 25°C, 45°C, and 60°C for 0, 2, 4, 6, 8, 10, and 12 weeks. After the desired temperature and storage time were reached, 1 g of the sample in each vial was collected for subsequent analysis. The storage temperature-related stability of spray-dried RGEC was analyzed according to the yield of spray-dried RGEC during storage. All samples were measured in triplicate.
Statistical analysis
Analysis of variance (ANOVA) and Duncan's multiple test were performed to analyze the differences between groups. Data was expressed as mean±SD and statistical significance was set at p < 0.05. All statistical analyses were performed using SAS 9.0 (SAS Institute Inc., Cary, NC, USA) and the graphical representations were performed using Sigmaplot 10.0 (Systat Software Inc., San Jose, CA, USA).
Results and discussion
Particle size
The particle sizes of W/O/W emulsions and spray-dried RGEC prepared using different secondary coating materials (MD, WPC, or AG) are illustrated in Figs. 1 and 2 , respectively. Prior to the spraydrying process, the particle size distributions of W/O/W emulsions coated with MD showed the nanosize only among all the samples (Fig. 1) . The particle size distributions of spray-dried RGEC coated with MD, WPC, and AG ranged from 100 to 500 nm, 100 nm to 1 µm, and 300 nm to 3 µm, respectively (Fig. 2) . The present study confirmed that the particle size distribution of W/O/W emulsions and spraydried RGEC coated with MD showed nanoparticles only. The present results were in agreement with those presented by Saloko et al., [26] who indicated that the nanocapsules coated with MD showed a smaller size (14 nm) than the nanocapsules coated with a mixture of chitosan and MD. In addition, the capsules coated with MD had a higher stability of the core ingredient than the capsules coated with AG due to the smaller particle size of the capsules coated with MD. [27] Therefore, in the present study, it was suggested that MD can be the most efficient secondary coating material among all the samples due to the smaller particle size and improved stability.
Moisture content and encapsulation yield
Moisture contents of spray-dried RGEC coated with the different secondary coating materials are listed in Table 1 . The moisture contents of spray-dried RGEC coated with MD, WPC, and AG were 1.80%, 1.36%, and 2.62%, respectively. The moisture contents of spray-dried RGEC coated with MD and WPC were significantly lower than that of spray-dried RGEC coated with AG (p < 0.05). Similarly, Hoffmeister et al. [28] reported that the moisture content of the spray-dried capsules coated with MD was 1.7 ± 0.3%. Therefore, in the present study, spray-dried RGECs coated with MD and WPC were more stable than spray-dried RGECs coated with AG due to a decrease in the moisture content.
The encapsulation yields of spray-dried RGECs coated with MD, WPC, and AG were 93.05 ± 1.51%, 97.33 ± 1.03%, and 86.67 ± 1.35%, respectively (Table 1 ). Chegini and Ghobadian [29] reported that the Values with different letters within the same column indicate significant differences (p < 0.05).
encapsulation yield of orange juice after the spray-drying process depends on the operating variables such as inlet air temperature, feed ratio, atomizer speed, and so on. In the study by Gonnissen et al., [30] the yield of the spray-drying process of encapsulated acetaminophen by MD was about 82% and a nonsticky powder was obtained. Li et al. [15] also indicated that the yields of the spray-dried particles coated with 10% whey protein and 1% AG were 89.4% and 74.7%, respectively.
Zeta-potential
Zeta-potential can be a critical and generally accepted parameter to specify the stability of a colloid system. That is, all of the particles get charged either negatively or positively probably because of the selective adsorption of ions in the colloidal system. [31] The values of the zeta-potential for assessing the electrical stability of W/O/W emulsions and spray-dried RGEC were obtained by the dynamic light scattering method, as shown in Fig. 3 . In the zeta-potential analysis, the dividing line between stable and unstable suspensions is generally taken at either +30 mV or −30 mV. Particles with zetapotentials more positive than +30 mV or less negative than −30 mV are normally considered as stable micro-or nanocapsules. [32] In the present study, the zeta-potential values of the W/O/W emulsion coated with MD, WPC, and AG were −43 mV, −20 mV, and −18 mV, respectively, and the values of spray-dried RGEC coated with MD, WPC, and AG were −36 mV, −13 mV, and −16 mV, respectively. Therefore, W/O/W emulsions and spray-dried RGEC coated with MD were much more stable than the W/O/W emulsions and spray-dried RGEC coated with WPC and AG. Based on the findings of the particle size and zeta-potential obtained in the present study, it was apparently observed that the optimum secondary coating material for the production of W/O/W emulsions and spray-dried RGEC can be MD, and therefore, MD was used for subsequent studies on the storage stability of spray-dried RGEC.
Storage stability
The storage stability of spray-dried RGEC coated with MD at different storage temperatures (4°C, 25°C, 45°C, and 60°C) during 12 weeks is presented in Table 2 . In all the samples studied, storage stability significantly decreased with an increase in the storage period from 0 to 12 weeks (p < 0.05). Similarly, Ersus and Yurdagel [33] indicated that the contents of anthocyanin in a microencapsulated powder coated with MD were decreased by 11% and 33% during the storage period of 64 days at 4°C and 25°C, respectively. In the present study, spray-dried RGEC stored at a temperature of 4°C for 12 weeks exhibited the highest value (78.69%) of storage stability, followed by the temperatures of 25°C, 45°C, and 60°C. Thus, the present study demonstrated that lower temperatures are preferred for storing spray-dried RGEC for a long time.
Conclusions
This study confirmed that W/O/W nanocapsules of RGEC coated with MD can be efficiently prepared using the spray-drying technique. In the particle size analysis, spray-dried RGEC coated with MD ranged from 100 to 500 nm. Furthermore, it was indicated that MD was the most efficient secondary coating material for spray-dried RGEC because RGEC coated with MD exhibited the highest zeta-potential value (−36 mV). In the storage stability study, it was found that the refrigerator temperature (4°C) can be more effective in enhancing the storage stability of the capsules coated with MD. Based on the results obtained from the present study, spray-dried RGEC coated with MD exhibited a nanosize and high stability during storage at a lower temperature (4°C). Therefore, W/O/W emulsions and spray-dried RGEC coated with MD could be used to load other bioactive compounds and active food ingredients for various applications. Values with different letters within the same column (A-E) and row (a-d) indicate significant differences (p < 0.05).
